Introductions: Digitization could be incorporated in rural areas of resource-poor countries because information gathered by nurses working on-site could be better used. Background: For effective management of community health information, the usage and maintenance of digital records are important. Digitization of information provides essential information for informing health policy. Aim: To develop a sustainable database to effectively collect and manage community health information and nursing practice. Methods: This study used a mixed method design. Phase 1 involved the development of a database system through repeated systematic focus group discussions with community health nurses. Phase 2 involved a practical trial examination of the developed system with both objective and subjective evaluations. Results: A nursing database system was developed with templates designed for the major health problems of communities. The templates were composed of multiple-choice items and a free-text field that allowed records to be more detailed than handwritten records and maintained in standardized formats. This enables accumulation of data that were less likely to be influenced by the variance of ability in each nurse. Discussion and conclusion: A multifaceted evaluation of the database system suggested that it could improve the efficiency of information management and contribute to the improvement of nursing care quality through standardization of the recording pattern. Implications for nursing and health policy: The nursing database will enable high-quality information storage that will potentially better inform health and healthcare policies as well as enable visualization of data concerning nursing care challenges and activities within the relevant communities. This information is Correspondence address: Naoko Arakawa, Department of Nursing, College of Life and Health Sciences, Chubu University, 1200 Matsumoto, Kasugai, Aichi 487-8501, Japan; Tel: 81-568-51-1111; Fax: 81-568-51-5370; E-mail: n-maruyama@isc.chubu.ac.jp.
Introduction
Information and communication technology (ICT) is an effective tool to promote health care in resource-poor countries. The World Health Organization (WHO 2012) reported that ICT is strengthening access to health information and providing effective health services. However, many resourcepoor countries still use paper-based records, especially in African and South-East Asian countries (World Health Organization 2012) . Reliance on prior records in paper-based systems was time-consuming and inefficient for community health nurses (CHNs). Furthermore, in rural areas, some problems such as limited staff, budget constraints, and longdistance drives for home visits made it more difficult to organize information. ICTs, including database systems, can facilitate a more efficient use of limited resources to improve health by providing knowledge and information technology (Bloom et al. 2017) , while innovative technology enables low cost and flexible practice of healthcare providers in rural areas (Mallow et al. 2014) . Moreover, accurate data from a database can aid in identifying the actual conditions and health needs of patients and facilitate measurement of the efficacy of healthcare programs. Such information is essential for policy development and implementation in the areas of human and fiscal resource allocations and meeting training/education needs.
When constructing a database, one must examine beforehand, what types of data should be gathered and for what purposes, and what methods should be used for data analysis. A Nursing Minimum Data Set (NMDS) allows for the minimum necessary data items to display what nurses do; it helps to explain and compare nursing care, to determine and analyse trends in nursing care, to support nursing research and to contribute to the design of basic policies based on the representative data (Devine & Werley 1988; Werley et al. 1991) . NMDS development has increased opportunities to acquire standardized data sets, and, as a result, identify and compare patient care and nursing knowledge, ultimately enhancing decision-making (Pruinelli et al. 2016) . Careful selection of data items to keep them to the strict minimum is necessary to improve efficiency of the data collection by CHNs. However, NMDS is developed for the visualization of clinical nursing and does not capture and portray the details of community healthcare activities. To apply this system to on-site activity, there is a need for a reconsidered database system usable by CHNs for real-time collection and populating of detailed records reflecting the follow-up of community residents.
Information management in Thailand's primary healthcare system
In rural north-eastern Thailand, Health Promoting Hospitals (HPHs) have been placed in each administrative district with approximately 10 000 inhabitants; each staffed with between two and five CHNs. In HPHs, physicians are not always present, but other health staff, such as public health officers (PHOs) and dental hygienists, are employed fulltime. The role of CHNs includes all types of health services (e.g. health promotion, disease prevention, treatment, rehabilitation and end-of-life care) that aim to provide continuous and holistic care (Nontapet et al. 2008 ). The CHNs' activity logs and collected information on community residents are mainly recorded on paper, put in a binder, stored in cabinets at the HPH and used primarily during their routine follow-ups with residents. Some residents' basic information may enter the government's database, but CHNs cannot access it and it lacks sufficient detail to comprehensively describe their activities. To aggregate the data, CHNs extract the necessary information manually from the paper-based records one by one. This method is inefficient and contributes to additional and complicating duties which yield minimal improvements. Digitization of activity records may contribute to a reduction in the nurses' workload while simultaneously providing more opportunities for information utilization.
Thus, there is a clear need to develop a database incorporating NMDS items selected to fit CHNs activities, which would be sustainable, evolving, and allow CHNs to effectively collect and manage community residents' health-related information obtained during their daily healthcare activities. The purpose of this study was twofold. First, it aimed to develop a bottom-up database system reflecting the opinions of CHNs, which was considered useful for routine healthcare activity. Second, the study evaluated the accessibility and utility of the database system and the collected data through a longterm operational test.
Methods

Design
This study used a mixed method design and was conducted in two phases, which had a sequential design.
Phase 1 involved the development of a database system containing the digitized version of templates. It included systematic and repeated focus group discussions (FGDs) to determine the extraction of data items recorded by CHNs during home visits. Through group dynamics and discussions among participants, FGD allows for intensive verification of issues; through discussions, participants go beyond personal opinions; instead, opinions that are shared and agreed by the group are communicated (Flick 2009 ). Therefore, we chose it to obtain as many comments as possible and share them with participants.
Phase 2 consisted of an operational test using tablet terminals equipped with the developed database system. According to the International Standard Organization (1998), usability is defined as a measure of efficacy, efficiency and user satisfaction when a product is being used by a specified user in a specified context for the purpose of achieving a specified goal. Participants' level of satisfaction regarding the system was measured using the System Usability Scale (SUS). The SUS is a simple 10-item scale that was constructed to give a global view of the subjective evaluation of usability, which can be used in usability evaluations and for a variety of research intents (Brooke 1996) . This scale is easy to administer, has strong psychometric measures and has reliable benchmarks (with a score of 0-100, where, for example, in the case of Microsoft â Word and Excel, scores were 76.2 and 56.5 points, respectively; a score of 60 to 70 is considered high marginal and over 70 is considered acceptable) to aid the explanation of scores (Kortum & Bangor 2013) .
System configuration
The database and the data entry system were developed using FileMaker Pro â (manufactured by FileMaker, Inc: Santaclara, California, USA). The developed entry system is executed in FileMaker Go, a free application provided by the company File Maker Inc for iOS-based devices and enables users to enter and view data in mobile environments. Further, the data entered in tablet terminals are accumulated in the database through synchronization with a server; and the data can be exported in Excel file format.
Phase 1: system and template development
Based on the systematic repeated surveys conducted with participants, templates were developed around four main axes, namely: (a) collection and selection of data items to be incorporated into the template; (b) determination of the data input format (whether to use a checklist format or to set up a free-text field, etc.); and (c) adjustment of the layout and design to fit in tablets. The first to ninth FGDs focused on the axes (a) and (b) by first answering a checklist, which was reflected on information collected during home visits, method of storage of the collected data, and conditions of reporting for the relevant government departments. Furthermore, they were asked about the categorization of each of the data items. Based on the results of (a) and (b), we developed the database system.
The tenth to 20-s FGDs focused on axis (c), generating improvements in the database system and templates based on our original process of systematic repeated surveys. In accordance with the process, participants were first instructed to use the trial version and then to respond to a questionnaire about their level of satisfaction with the system; finally, problematic issues as well as opinions regarding the system's operability, template items and template layout were extracted through FGDs. Following each survey, the system was modified to reflect the opinions obtained from the participants, after which the adjustment was confirmed in the next survey ( Fig. 1 ).
Sample and settings
Participants were recruited from HPH in north-eastern Thailand using a convenience sampling method. The study was conducted with CHNs working HPH in north-eastern Thailand as well as PHOs engaged in the same healthcare activities as CHNs. The survey was carried out at the HPH of the participants. The survey was carried out between March 2013 and June 2015.
Data collection
Through use of the FGD, data items that were unanimously agreed to be more suitable for practical purposes were extracted onto the templates. Freely expressed opinions regarding the system were obtained through FGDs and subjected to a content analysis primarily yielding opinions regarding the convenient aspects of the system, issues that needed improvements, and usage status of the system.
The level of participant satisfaction regarding the system measured during the last 13 FGDs using the SUS.
Phase 2: operational testing
Sample and setting
Four CHNs from one HPH who participated in the repeated surveys were selected through convenience sampling. This HPH was strongly motivated to participate in the operational testing and was an middle-sized HPH of rural Thailand as mentioned above in the introduction. Constraints of cost and manpower for sampling influenced the small size of the sample. During the operational testing, each participant was instructed to use a tablet device (iPad) equipped with the developed system; for approximately 5 months, precisely from October 2015 until March 2016, they were requested to use the database system in their daily work.
Method of operation of the database system
On the first day of operation of the database system, the participants participated in a 1-h seminar on how to use the system. During the seminar, explanations were provided including instructions on how to operate the system and synchronize the data with the server. In addition, registration of fingerprints and setting of passwords were also carried out as security measures. As it was required that participants perform independent data aggregation, training on how to do so was provided. After completion of the seminar, the participants were asked to use the devices during home visits of community residents. The researcher observed the participants during four home visits and confirmed their usage of the system; because no difficulty was observed, long-term operational testing was launched for a 5 months period. During this period, management of the tablet devices was entrusted to the participants. One month after initiation of the operational testing, evaluation was conducted to confirm that no trouble had occurred with the devices and the server system. After completion of the operational testing, the residents' information entered by the participants was exported as Excel files at the HPH where the participants worked; later, a basic aggregation of the data was performed independently by the participants.
Data collection
System Usability Scale scores were obtained thrice, namely, at the beginning of the operational testing, 1 month afterwards, and at the end of the operational testing. In participant observation during home visits, we observed the usage status of the database system and measured the duration of its use. To examine the input status of tablet devices during the 5-month period, system logs were collected. At the end of the operational testing, participants were asked some opinions (e.g. advantages and disadvantages of functions and feelings regarding usage) through FGD after final SUS scoring.
Data analysis (rigour and trustworthiness)
Usability was evaluated in terms of efficacy, efficiency and user satisfaction. For the evaluation of 'efficacy', the number of template inputs was analysed based on system logs, and the system utilization rate was calculated by comparing with the actual number of visits recorded on the HPHs' ledgers. For the evaluation of 'efficiency', statistical extraction of the system entry time was carried out based on an analysis of system logs, and the participants' actual usage status of the database system on-site was estimated. For the evaluation of 'user satisfaction', the level of satisfaction was converted into numerical values using SUS. FGD data were discussed by two authors until a consensus was reached about the category and codes (Graneheim & Lundman 2004) .
Ethical considerations and protection of individual information
This study was carried out after receiving approval from the Bioethics Committee of Nagoya University Graduate School of Medicine, Japan (reference No: 12-118) and the Institutional Ethics Review Board of The Khon Kaen University Ethics Committee in Human Research, Thailand (reference No: HE582291) and was conducted in line with the Declarations of Helsinki. Our paper does not contain any detailed geographical information that may allow for identification of the targeted districts.
Consent to participate in the study
Selection of participants was carried out using a convenience sampling method, and there was a possibility of an unspoken pressure to participate in the survey. For this reason, surveys were carried out only after obtaining a written consent and emphasizing the voluntary nature of participation. At the time of the confirmation of participants' willingness to take part in the study, they were told that after publication of the study results, data anonymization will ensure that individual participants are unidentifiable and, at that point, the provided information cannot be erased.
Considerations for the protection of participants' personal information
All participant information obtained at all stages of the survey was anonymized and individual participants were unidentifiable; data were placed under strictly secure and confidential settings.
Protection of data pertaining to community residents
Researchers orally explained the intent of the research to the residents before conducting participant observation and acquired their consent for observation. Researchers emphasized that observations do not include collecting identifying information of individuals. Data analysis was conducted based on the usage log of each device without any personal information. Regarding security, the management of tablet devices was entrusted to the participants during operational testing, but each individual was instructed to use security settings on their device, such as locking their device with a security code or using fingerprint authentication as a preventive measure in case the device is lost or stolen. Regarding the handling of the data after completion of the survey, the community residents' data were saved in a passcode-locked USB flash drive; immediately after appropriate data transfer, all data were safely erased, and a thorough check was conducted to ensure that the researchers did not take the community residents' information outside the country.
Results and findings
System development
System development was carried out with the cooperation of a total of 22 focus groups (HPHs) and 59 participants (47 CHNs and 12 PHOs). Each focus group involved two to four participants, and the variations in the number of participants per focus group were due to differences in the number of staff members working in each HPH. FGDs are usually composed of more than three participants (Carlsen & Glenton 2011) . There were some groups consisting of two participants; however, we conducted interview and evaluation in accordance with this FGD procedure. The participants had a mean age of 46.9 AE 9.4 years and a mean experience of 18.8 AE 9.8 years, and one of them was male.
Template structure
Over the first nine FGDs the main problems or diseases of the target groups, whose information was expected to be summarized, were clarified. First, FGDs revealed the CHNs' current working conditions. CHNs had to follow-up many diabetes patients, and thus the paper-based records were substantial, which was frustrating for CHNs. Consequently, a diabetes summary template and daily template were developed first to address this need, and those templates were expanded based on the other templates. Based on participants' needs, ultimately 13 templates were constructed, including personal details, daily records and summary templates for each of the following: diabetes, hypertension, stroke, tuberculosis, pregnant and parturient women and neonates. Summary templates, which were templates developed separately for each purpose, were composed of basic information regarding the target, and daily templates were composed of items necessary for daily visits. The figure of screen transition for template on tablet devices is available in the Appendix S1.
Template items and technical features
Through the tenth to 20-s FGDs, 13 templates were finalized; each template had eight to 34 items (average 19 items). In this article, we describe the items and technical features of the There were four input styles: (1) numerical numbers were provided via direct input, (2) a checkbox for selection, (3) a wheel-type selection roll (i.e. Picker) for the date, and (4) text was provided through direct input, as well as five functions; (1) automatic graphing, (2) automatic calculate, (3) automatic quotation, (4) camera function, and (5) Global Positioning System (GPS) were adopted to reduce input time. Numerical data were adopted using automatic graphing that could provide a time-series comparison. For example, body mass index (BMI) was calculated automatically. Checkbox selection was adopted for symptom items and nursing practices, and their alternatives were also informed by the FGD. For entries on items related to dates (such as the data of birth and the date of the next visit), a picker was adopted. It was strongly requested that text entry was used for providing the purpose and problem of health behaviour because of the diversity and the individuality of each case. Automatic quotations from the previous record were provided that could check the purpose on the input screen without changing the screen. The camera function was adopted for taking photos of the residents' faces, wounds, medications and so on. The GPS function gave a geographical position that enabled to help with the analysis of spatiotemporal data.
The mean of the SUS scores of the tenth to 20-s FGDs' participants was 68.1 AE 10.1 points.
Operational testing
Four CHNs from one HPH participated in the operational testing. Their mean age was 45.8 AE 3.8 years; their mean experience was 24.8 AE 3.6 years, and they were all females.
System usage status
The total number of template entries was 391 over 5 months. The total number of actual visits by participants during the test was 135 cases. The system was applied with 101 community residents from the total number of entries in the detailed personal information template (75%). Diabetes summary records were used in 64 cases of 87 actual visits (74%) and diabetes daily records in 60 cases of 87 actual visits (66%), showing that not all the details of those who were visited were recorded in the entries. Table 2 shows results of all templates. With the exception of cases in which participants did not carry their tablet devices, the assigned tasks were accomplished with virtually no input omission. There were data of 187 images. The following were recorded as image data: community residents' personal identification, affected areas such as lesions and lacerations, prescriptions, medicines owned by the community residents, ID cards and the community residents' living environments.
System usage time
Analysis of system event logs showed that the total input time was 33 h 25 min 50 s. For personal basic information, the input time was 9 h 11 min 54 s (average: 5 min 18 s); for the diabetes summary records, the input time was 5 h 1 min 56 s (average: 3 min 51 s); and for the diabetes daily record, the input time was 5 h 4 min 12 s (average: 4 min 34 s). A more concrete look at the input status of the system on the basis of the logs showed that in the case of the first home visit of a diabetes patient, it took approximately 6, 4 and 5 min to use the detailed personal basic information template, diabetes summary template and diabetes daily template, respectively; thus, in total, one visit lasted for approximately 15 min ( Figure A2 Example of log analysis in the Appendix S2).
In participant observations, we observed situations in which the participants actually visited the community residents' homes. The participants communicated with the community residents and put entries into the system while conducting necessary physical measurements, such as blood pressure. The participants provided nursing care to the community residents and checked the input screen while confirming the selection options as in a checklist, and they added additional information like a particular health behaviour or a medicine in the text fields. 
SUS scores
The mean of the SUS scores of four participants was 66.3 AE 11.3 points at the beginning of the study, 65 AE 8.5 points 1 month after and 70 AE 3.1 points at the end of the study, namely at 5 months; and an SUS score of at least 70 points is acceptable (Bangor et al. 2008 ).
Participants' opinions
Focus group discussion was conducted with three of four participants, because one participant had to visit her client soon. Discussion data was classified into three categories: a highly appreciated function, reasons for inability to use and feature requests. The following four functions were highly appreciated in the discussion: (1) the system allowed for patients' problems as well as the given instructions to be recorded in detail using free-text entries, and therefore, memos written on paper were no longer necessary; (2) the camera function allowed for taking images of the healing process of diabetes patients' lower limb ulcers, and sharing information objectively with physicians and medical staff who were not present on-site; (3) the system allowed for taking pictures of drugs that had been prescribed to the patients as well as the prescriptions themselves, and as a result, the time needed for transcription of information was shortened; (4) the map included in the system allowed confirmation of the geographical location of the patients' homes; this enabled planning a visit schedule that considered the efficiency of the visiting route. In addition, the free-text entry column inside the template allowed for recording more details than the conventional paper-based visit records, and according to participants' opinions, the system's usability was also good. Further, participants' opinions also showed that after introduction of the system, the duration of visits remained the same as it was before the introduction of the system. The reasons for inability to use the system were as follows. During the testing, the nurses were instructed to store the tablets in lockable places inside the HPH at the end of each working day instead of taking them home; consequently, it was sometimes impossible to put entries when the home visits were carried out after work. Sometimes, the participants forgot to bring the tablets with them during home visits. Sometimes, when the community residents were absent at the time of the home visits, confirmations were carried out through phone calls, and in such cases, entries were not made.
Finally, participants made two requests: (1) GPS location data need to be shared with physicians and medical staff through devices such as ordinary smartphones, because they sometimes visit residents' house by themselves; (2) the system should be compatible with existing databases available in HPH, and that redundant entries should be avoided by linking the data. In short, they hoped for further improvement of the system's efficiency.
About data derived from aggregate data from community residents, statistical analysis made it easy for them to understand the full range of their own activities, and they considered this as an extremely valuable asset.
Discussion
Information and communication technology developers do not have rich experience and professional knowledge of health care, which may be a barrier for the development of a system in the healthcare arena (Hostetter et al. 2014 ). Thus, development of these systems tends not to address nurses' actual use and demands. Our system was developed with on-site CHNs; thus, system usability had an acceptable score and input time was around 5 min per template, which suggests a possible beneficial effect for decreasing workload. Additionally, we verified that CHNs could analyse their aggregated data for descriptive statistics. This type of mHealth system can reduce the time needed for reporting not only local-, district-, but also state-and national-level data (Labrique et al. 2013) . Our system can be used freely by anyone who has a tablet terminal, as it has a low cost. Therefore, this advantage enables the possibility of expansion of this system to other resource-poor countries (Schuttner et al. 2014) . Policy-makers require the database system to be user friendly, cost-effective, and integrated with the existing system (De Raeve et al. 2017) . Our participants also required these features. Integration with the existing system facilitates health information exchange, which involves reducing unnecessary hospitalizations and emergency visits (Hewner et al. 2018) . Hence, this integration should be addressed promptly because it will be beneficial to policy-makers and on-site nurses. In other words, this topic should be focused, prioritized and budgeted by policy-makers and researchers.
Over 90% of resource-poor countries do not adopt an electronic data format (World Health Organization 2012). Electronic templates can aggregate systematic data, which could be useful for policy-makers and help systematic study by nursing researchers (American Nurses Association 2007). Furthermore, availability of necessary information is important in successful care management implementation (Joo & Liu 2018) .
The introduction of mHealth in the rural area, with standardization of data structure, interpretability, and user-friendliness was found to enhance the value of data. Furthermore, our study demonstrated that there is a need for and possibility of on-site nurses' active participation in the development stage of such a system to effectively implement it.
Study limitations
Although this type of database could also be used with respect to other health issues (i.e. chronic disease) that may be managed by CHNs, the developed templates were only created for specific diseases and health-related conditions. The minimum number of participants in some groups were two in our study. We cannot deny the possibility that the small sample size of FGDs was biased. In our next study, we need to consider using individual interviews instead of FGDs. The operational testing was conducted with only four participants in one district, as we could not collect opinions from all participants because our research schedule was very limited. Therefore, some valuable experiences could not be collected. Furthermore, we have not yet evaluated whether the system described in this study would be useful in other areas. In the future, our system's versatility and viability will need to be verified on a larger scale by expanding the tested regions gradually to other areas throughout Thailand, as well as neighbouring countries.
Implications for nursing and health policy
Our study suggested the necessity of the involvement of onsite nurses in system development and prioritizing and budgeting system integration. Useful databases for on-site CHNs could assist data aggregation and release stress from workload. Aggregated data can make CHNs' activities visible and allow the gradual and concrete revelation of the issues faced by the community as well as the efforts being undertaken in them. Incorporating significant amounts of data into the decision-making and healthcare policy development process results in evidence-informed policies that are more easily analysed, reviewed, revised and updated (Blumer et al. 2017) . Aggregated data will allow provision of information that will serve as the basis of health policies in the region. Introduction of this system will be useful for nurses working in the field of community health care to participate effectively and fully in the conducting, sharing and evaluating of information.
Conclusion
Our nursing database system was developed and evaluated based on user participation process and iterative design that incorporated the voices of the on-site CHNs and PHOs. The database system would contribute to improving the efficiency of information management and the quality of community health and nursing through the standardization of the format for recording data in rural areas.
